An assay system was developed for the analysis of antibodies secreted in vitro against human immunodeficiency virus (HIV) by cultured peripheral blood lymphocytes of HIV-infected individuals. Cultures of peripheral blood lymphocytes were established with medium alone or with medium containing Epstein-Barr virus (EBV) or pokeweed mitogen. HIV antibodies were determined by an ELISA performed with commercial kits in which a whole virus extract served as antigen. Optimal antibody secretion was detected in 7-day peripheral blood lymphocyte cultures to which EBV had been added to provide polyclonal B-cell activation. Pokeweed mitogen-induced antibody secretion and spontaneous antibody secretion were less consistent. With EBV as a stimulus, the sensitivity and specificity of this assay for determining HIV infection status were each 100% in adults. When the assay was applied to infants and children, 23 of 24 symptomatic HIVseropositive children (class P-2) and 11 of 33 asymptomatic seropositive infants aged '15 months (class Pe0) tested positive for EBV-induced antibody secretion.
Children with human immunodeficiency virus (HIV) infection present a spectrum of clinical manifestations and may be classified as asymptomatic (class P-1) or symptomatic (class P-2) (1). In the vast majority of infants, HIV infection occurs perinatally from infected mothers. The perinatal transmission rate is approximately 30% (2) , but all infants born to infected women are seropositive because passive transfer of maternal antibodies occurs. Seropositive asymptomatic infants -<15 months of age are classified as P-0, which signifies an "indeterminate" status (1) . A cutoff age of 15 months was selected as the age at which antibody of maternal origin would no longer be detectable. However, infants with passive antibody beyond 15 months have recently been reported (2) . Serologic testing for HIV in infants is thus of limited value. At the present time, diagnosis of HIV infection in class P-0 infants and children cannot be made unless HIV is cultured, antigen is present in blood, or the infant develops symptomatic disease. Viral cultures are labor intensive, and antigenemia is infrequent (3, 4) . Alternative assays have been proposed for diagnosis of HIV infection (5-9) in P-0 infants; none have yet been validated or achieved widespread acceptance. Development of reliable assays for diagnosis of HIV infection in offspring of seropositive women has become a matter of urgency, since clinical trials to test efficacy of antiviral drugs in newborns have already been initiated and infants are being enrolled regardless of their infection status.
We applied knowledge about immunologic effects of HIV and developed an assay to help in the diagnosis of infection in such infants. B cells are activated in vivo relatively early in the course of HIV infection (10) . Peripheral blood lymphocytes (PBL) of HIV-infected individuals secrete HIV antibodies spontaneously or after pokeweed mitogen (PWM) stimulation (10, 11) , which might help with the diagnosis of HIV infection in P-0 infants (11) (12) (13) (14) . Herein we optimized and standardized culture conditions for in vitro HIV antibody secretion by cultured lymphocytes of HIV-infected individuals and ascertained that immunologic memory and B-cell activation are present. PBL of HIV-infected infants may thus be induced to secrete HIV-specific antibodies in vitro.
MATERIALS AND METHODS
Human Subjects. Eighteen HIV-seropositive adults, 65 HIV-seronegative control subjects (children and adults), and 57 HIV-seropositive infants and children (from New York and Florida) were tested for HIV antibody secretion in vitro. Thirty-three infants were asymptomatic and were <15 months of age (class P-0) when tested, and 24 children were symptomatic (class P-2) and aged 5 months to 9.5 years.
Cell Cultures. PBL were isolated on sodium metrizoate gradients. Cells were washed four times and then suspended in RPMI 1640 containing 15% (vol/vol) fetal calf serum and streptomycin and penicillin. To determine optimal conditions, cultures were established in triplicate in 96-well roundor flat-bottomed microtiter plates, at cell densities of 0.5-1.0 x 106 cells per ml in medium alone, or-in medium containing Epstein-Barr virus (EBV) (5.0 x 105 transforming units/ml) or PWM (10 pg/ml) for up to 14 days. Supernatants were pooled and stored at -200C until assayed. B-cell precursor frequencies for the cells producing HIVspecific IgG antibody and total IgG were determined by limiting dilution of multiple microcultures in 96-well microtiter plates (Nunc) as described (15 
RESULTS
Optimal Culture Conditions for Secretion of HIV Antibody in Vitro. Optimal culture period, cell culture density, stimulus, and culture plate geometry were investigated with PBL of seropositive adults. Of the cell concentrations tested, production of anti-HIV IgG antibody was optimal at 1 X 106 cells per ml. Of medium, EBV, or PWM, maximal and most consistent antibody secretion was with EBV stimulation. Spontaneously secreted antibody remained almost constant over the entire culture period; increased HIV antibody secretion occurred with EBV and PWM stimulation, which peaked during 4-7 days of culture ( Fig. 1) . Equal response was obtained in flat-or round-bottom plates (data not shown). All subsequent cultures were performed at cell densities of 1 x 106 cells per ml for 7 days. Cell viability after 7 days of culture was approximately 80%.
Sensitivity and Specificity. A cutoff value of mean plus 3 SDs (0.170) was determined as described in Materials and Methods. In tests with 65 HIV-negative and 18 HIV-infected adults, the sensitivity of assay was 66.66% for spontaneously secreted antibody, 100% for EBV-induced antibody, and 83.33% for PWM-induced antibody. Specificity was 100% for all the three conditions. In contrast to the results for HIVspecific antibody secretion, total IgG in EBV-or PWMstimulated culture supernatants was less in HIV-infected persons as compared to healthy HIV-seronegative control subjects (Fig. 2) .
By changing the cutoff value, the sensitivity and/or specificity of the assay was potentially altered. To evaluate how cutoff points affected these two parameters, receiver operating characteristic curves (18) of sensitivity plotted against 100 minus the specificity for each of the three stimuli were determined (Fig. 3 ). Receiver operating characteristic curves falling to the far left in the figure are indicative of greater sensitivity and specificity than those toward the right. EBV was the best stimulus for this assay.
To eliminate detection of passively transferred antibody adhering to test cells despite exhaustive washing prior to culture, cells were treated with the protein synthesis inhibitors puromycin and cycloheximide; these inhibitors were added, at 10 ,ug/ml, to cultures 24 hr prior to harvesting. Cell viability was minimally reduced, but HIV-specific antibody secretion was abrogated (Fig. 4) .
Limiting Dilution Analysis. The frequencies of B cells secreting HIV-specific IgG in response to EBV showed a Assay Results in Children. Ofthe 24 symptomatic infants and children from class P-2, 23 (96%) were initially positive for HIV-specific antibody secretion with EBV stimulation. Spontaneous antibody secretion was positive in 10 of 24 patients (42%), and 17 of 24 (71%) were positive in PWM-stimulated cultures (Fig. 6) . Of 33 asymptomatic seropositive P-0 infants, 11 tested positive for HIV antibody with EBV stimulation; 6 also tested positive by PWM-stimulated cultures, and 4 made antibody spontaneously. These five infants, positive in one or more of the assays, remain asymptomatic and seropositive.
Sequential Testing and Effect of 3'-Azido-3'-deoxythymidine (AZT) Treatment. Children and their mothers were tested sequentially 2-8 times over a follow-up period of [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] months. Infants in the P-0 class who initially tested negative (22 patients) continue negative for in vitro HIV antibody secretion. In patients who became seronegative, testing was stopped when they were 15 months old. Some P-2 children were treated with AZT at doses of 360-720 mg/M2 per day at six hourly intervals, and some mothers were on 1200 mg of AZT per day. Among the 15 children not treated with AZT, in vitro antibody response remained positive throughout the follow-up period; 5 antibody-secreting B cells in PBL of infected individuals (13, 14, 19) . Criticisms have included questions of specificity and sensitivity. Passive antibody carryover rather than active antibody secretion has raised doubts about assay specificity. Negative test results in subsets of infected individuals have raised questions about assay sensitivity. The present study defined optimal culture conditions of in vitro antibody secretion in HIV-infected individuals to maximize specificity and sensitivity and determined the potential of the assay for discriminating between infected and uninfected P-0 infants.
First, spontaneous antibody secretion was compared with that induced in culture by two polyclonal B-cell activators, PWM and EBV. Although spontaneous antibody secretion was observed in a majority of cases, a significant proportion (33%) were negative. This assay system might be made more sensitive for detecting spontaneous antibody with improved antigen coats for the ELISA plates. With EBV as a stimulus, however, the sensitivity of the present assay was 100%. That not all HIV-infected individuals were positive for spontaneous antibody secretion indicates that "activated" circulating B cells spontaneously secreting HIV antibody are not universally present and that the numbers of such activated cells in circulation may vary from individual to individual and from time to time in the same individual. The 100% sensitivity obtained in EBV-stimulated cultures suggests that memory B cells can consistently be amplified to secrete antibody in vitro by polyclonal B-cell activators. That PWM was a less efficient stimulus than EBV is not surprising. With progressive T-helper cell depletion, PWM, a T-cell dependent stimulus, might not be expected to be as potent and consistent a stimulus as EBV, which is T-cell independent. The T-cell dependent nature ofPWM makes it an unsuitable stimulus for other reasons [e.g., it could potentially activate T suppressor cells (20) Proc. Natl. Acad. Sci. USA 86 (1989) cycloheximide, abrogated the antibody response. Second, kinetic determinations revealed a consistent increase in antibody in the supernatants of EBV-stimulated cultures over 4-7 days. These observations indicate that active synthesis and secretion of HIV antibody occurred in vitro. Moreover, although total immunoglobulin secretion was poor in infected individuals in comparison to uninfected controls, HIVspecific antibody was detected only in culture supernatants of infected individuals (22) (23) (24) .
The ELISA assay kits used for the current study are marketed for serum antibody determination. To apply the kits for antibody determination in culture supernatants, a few modifications had to be made in the assay. In addition to negative and positive serum controls provided in the kit, negative and positive culture-supernatant controls were also assayed with the test supernatant. These control supernatants were derived from PBL (25) , tests that reveal in vitro influences of the drug on the immune system need careful scrutiny.
The utility of the in vitro antibody assay in discriminating between infected and uninfected infants was tested with a sample size of 33 asymptomatic, seropositive infants in the P-0 class. Eleven infants tested positive. Six positive infants subsequently developed symptomatic disease at ages of [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] months; the remainder are still persistently seropositive and thus potentially infected. Thus the positive predictive value of this assay is high. The ability of newborn B cells to secrete IgG anti-HIV antibody has been questioned because of the known immaturity of newborn B cells (26) . The positive results obtained within the first week of life would suggest that the B cells of the newborn do have this ability. The negative predictive value ofthis assay also appears to be high as none of the infants who tested negative have developed disease and they have not remained seropositive beyond 15 months of age. However, a large population of P-O cases needs testing to fully validate the assay.
HIV-specific IgM antibody in culture supernatants was also tested (data not shown). Most seropositive adults and the P-2 class of children were positive for IgM antibody secretion in vitro, but results were uninterpretable in the asymptomatic P-0 class of infants. Twelve infants were tested, and 7 were positive for the IgM HIV antibody responses. Four of these were negative for the IgG HIV antibody response and subsequently became negative for secreted IgM antibody as well. The phenomenon of in vitro IgM HIV antibody synthesis and its relationship to "infection" versus "antigenic exposure" is unclear. That this could represent an anti-anti-idiotypic response to antibodies of maternal origin is an attractive explanation. Based on this initial analysis, the IgM antibody response in vitro does not appear to be diagnostically useful. EBV-induced secretion of HIV-specific IgG antibody is a sensitive and specific indicator of HIV infection that does appear to be useful for distinguishing between seropositive infected and uninfected infants in the P-0 class. This test is potentially of value and may prove specially to be useful when applied in conjunction with other assays such as the polymerase chain reaction (27, 28) .
